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ELECTRODE STRUCTURE FOR ION DRIFT
TUBE AND ION DRIFT TUBE INCLUDING
THE STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of International
Application No. PCT/CN2012/086514, filed Dec. 13, 2012,
which claims the benefit of Chinese Patent Application No.
201110422560.2, filed Dec. 16, 2011, the disclosures of
which are incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a field of ion drift technol-
ogy, and in particular to an electrode structure for an ion drift
tube and an ion drift tube including the same.

2. Description of the Related Art

In the field of safety inspection, detection of hazardous
articles such as drugs, explosives, chemical agents and indus-
trial toxicants is an extremely important work. Therefore,
many detection instruments for the above articles have been
developed. Currently, the detection instruments using the ion
drift technology are most common. Two indexes that are most
crucial in the ion drift technology are sensitivity and resolu-
tion of a detector. It is a main object of design and fabrication
of'the ion drift tube to optimize the two indexes. The ion drift
tube is a core part of an ion mobility spectrometer and is used
to generate a uniform electric field so that ions having differ-
ent mobilities are separated. As shown in FIG. 1, in a conven-
tional ion drift tube, drift of ions is controlled by a uniform
high-voltage electric field by thin sheet electrodes 1 having
the same size spaced equidistantly by means of insulating
parts 3. In the ion drift tube, the ions drift in the air under the
normal pressure. The uniform electric field generated by the
conventional structure shown in FIG. 1 is an approximate
model and a non-ideal uniform electric field. In addition, the
ions are simultaneously subjected to factors such as the high-
voltage electric field and air resistance. Therefore, uniform
equidistant high-voltages cannot well generate pre-accelera-
tion, focusing, a maximal amount of drift of the ions and the
like. As a result, it is difficult for sensitivity and resolution of
a mobility spectrum obtained by the ion mobility spectrom-
eter to reach optimum.

SUMMARY OF THE INVENTION
a. Technical Problem to be Solved

The technical problemto be solved by the present invention
is how to provide an ion drift tube so that sensitivity and
resolution of a mobility spectrum of a detection instrument
with the ion drift tube reach optimum.

b. Technical Solution

In order to solve the above technical problem, the present
invention provides an electrode structure for an ion drift tube
comprising: an annular electrode, wherein the annular elec-
trode has an inner edge bent towards one side such that a
section of a central portion of the annular electrode has a
swallowtail shape.

In accordance with an aspect of the present invention, the
inner edge of the annular electrode has a substantially tapered
shape.
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The present invention also provides an ion drift tube com-
prising the above electrode structures arranged at intervals.
The inner edges of the annular electrodes of the electrode
structures are bent in a same direction, and the same direction
is an opposite direction to an ion drift direction.

In accordance with an aspect of the present invention, the
electrode structures are arranged at decreasing intervals in the
opposite direction to the ion drift direction.

In accordance with an aspect of the present invention, the
decreasing intervals have a ratio of 1.07"°!: ... :1.07:1, where
n is a number of the electrode structures in the ion drift tube.

In accordance with an aspect of the present invention, the
inner edge of the annular electrode has a substantially tapered
shape.

In accordance with an aspect of the present invention, a
cross sectional area of a space defined by the inner edge ofthe
annular electrode increases gradually in an ion drift direction.

In accordance with an aspect of the present invention, the
ion drift tube further comprises an insulation part disposed
between the electrode structures.

In accordance with an aspect of the present invention, the
electrode structure has recesses on both sides at an outer
peripheral portion, and both ends of the insulation part are
disposed in the recesses.

In accordance with a further aspect of the present inven-
tion, the present invention provides an ion drift tube, the ion
drift tube comprises electrode structures arranged at intervals,
and the electrode structures are arranged at decreasing inter-
vals in an opposite direction to an ion drift direction.

In accordance with an aspect of the present invention, the
decreasing intervals have aratio of 1.07°": ... :1.07:1, where
n is a number of the electrode structures in the ion drift tube.

c. Advantageous Technical Effect

In the ion drift detection instrument with the electrode
structure and the ion drift tube of the present invention, ions in
a drift state can travel along focusing electric lines of force,
and since the high-voltage intervals between the electrodes
are increased at a uniform acceleration, the generated electric
field enables the ions to be in a uniformly accelerated drift
state so that both the sensitivity and resolution of the mobility
spectrum of the detection instrument can reach optimum.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a structure of a con-
ventional ion drift tube;

FIG. 2 is a schematic view showing an electrode structure
for an ion drift tube according to an embodiment of the
present invention;

FIG. 3 is a schematic view showing a section of a central
portion of the electrode structure for an ion drift tube accord-
ing to an embodiment of the present invention; and

FIG. 4 is a schematic view showing a structure of an ion
drift tube according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

An electrode structure for an ion drift tube and an ion drift
tube including the electrode structure according to the present
invention are described in detail as below with reference to
embodiments of the present invention taken in conjunction
with the accompanying drawings.
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As shown in FIG. 2, an electrode structure for an ion drift
tube according to an embodiment of the present invention
comprises an annular electrode. The annular electrode is hol-
low in a central portion and has an inner edge bent towards
one side such that a section of the central portion of the
annular electrode has a swallowtail shape as shown in FIG. 3.
With such an arrangement in which an opening on one side of
the annular electrode is contracted and an opening on the
other side of the annular electrode is enlarged, the electric
field applied to ions has a focusing function so as to force the
ions in a drift state to travel along focusing electric lines of
force.

As shown in FIGS. 1-2, the electrode structure is formed
with recesses 5 on opposite sides at an outer peripheral por-
tion, and opposite ends of the insulation part 3 are disposed in
the recesses 5.

As shown in FIG. 4, an ion drift tube according to an
embodiment of the present invention comprises the electrode
structures 2 arranged at intervals as shown in FIG. 2, and the
insulation parts 3 mounted between the electrode structures 2.
The inner edges of the annular electrodes of the electrode
structures are bent in a same direction, i.e., bent in an opposite
direction to an ion drift direction, and generally bent towards
a Faraday plate in the ion drift detection instrument. The
electrode structures are also arranged at decreasing intervals
in a direction toward the Faraday plate. The decreasing inter-
vals have a ratio of 1.077': .. .:1.07:1, where n is a number
of the electrode structures in the ion drift tube. The conven-
tional intervals have a ratio of 1:1: . . . :1. The intervals are
changed from the conventional intervals to the decreasing
intervals. The high-voltage intervals between the electrodes
enables the ions in a chamber of the ion drift tube to driftin a
uniformly accelerated state, and in cooperation with the elec-
trode structures having the focusing function, enable the sen-
sitivity and resolution of the mobility spectrum to reach opti-
mum when the ions finally arrive at the Faraday plate.

The above embodiments are only used to explain the
present invention, and should not be construed to limit the
present invention. It will be understood by those skilled in the
art that various changes and modifications may be made
therein without departing from the spirit of the present inven-
tion, the scope of which is defined in the appended claims and
their equivalents.
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The invention claimed is:

1. An electrode structure for an ion drift tube, comprising:
an annular electrode, wherein the annular electrode has an
annular inner edge bent towards one side in an axial direction
of'the annular electrode such that a section of a central portion
of the annular electrode has a swallowtail shape.

2. The electrode structure of claim 1, wherein the annular
inner edge of the annular electrode has a substantially tapered
shape.

3. An ion drift tube, comprising a plurality of electrode
structures arranged at intervals, wherein each of a plurality of
electrode structures comprises an annular electrode which
has an annular inner edge bent towards one side in an axial
direction of the annular electrode such that a section of a
central portion of the annular electrode has a swallowtail
shape, the annular inner edges of the annular electrodes of the
a plurality of the electrode structures are bent in a same
direction, and the same direction is opposite to an ion drift
direction.

4. The ion drift tube of claim 3, wherein the a plurality of
electrode structures are arranged at decreasing intervals in a
direction opposite to the ion drift direction.

5. The ion drift tube of claim 4, wherein the decreasing
intervals have a ratio of 1.07"°%: . .. :1.07:1, where n is a
number of the a plurality of electrode structures in the ion drift
tube.

6. The ion drift tube of claim 3, wherein the annular inner
edge of the annular electrode has a substantially tapered
shape.

7. The ion drift tube of claim 3, wherein a cross sectional
area of a space defined by the annular inner edge of the
annular electrode increases gradually in an ion drift direction.

8. The ion drift tube of claim 3, further comprising an

insulation part disposed between each of the a plurality of
electrode structures.

9. The ion drift tube of claim 8, wherein each of the a
plurality of electrode structures has recesses on opposite sides
at an outer peripheral portion, and opposite ends of the insu-
lation part are disposed in the recesses.
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